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EVALUATION  OF  LUBRICATION  SYSTEMS  FOR  ISOTHERMAL 
FORGING  OF  ALPHA-BETA  AND  BETA  TITANIUM  ALLOYS 
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This  tochnical  report  presents  the  results  of  the  lubrication  evaluations 
on  the  newly-developed  lubricants  for  Isothermal  forglnH  of  both  alpha- 
beta  and  beta  titanium  alloys.  It  was  demonstrated  that,  for  alpha-beta 
titanium  alloy  lubricants,  each  lubricant  still  has  its  relative  virtues 
and  limitations  in  manuf actur ins  performance.  None  of  the  present 
lubricants  could  provide  satisfactory  lubrication-functions  for  use  in 
the  s>'*’“l  Ited  environment.  However,  several  lubricants  for  bet a-t  1 1 an  1 urn 
alloys  displayed  excellent  combinations  ot  lubricity  and  adhesion 
properties  in  both  electric  and  sas-flred  environments  and  may  represent 
the  state  of  the  art  for  isothermal  forslns  lubricants. 
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FOREWORD 


This  Technical  Report  covers  the  work  performed  by  Wvman- 
Gordon  Company  under  Air  Force  Contract  F33615-76C-5083 
during  the  period  1 April  1976  through  15  July  1977.  The 
primary  objective  of  this  program  is  to  evaluate  and  to 
scale-up  the  newly-developed  lubrication  systems  for 
isothermal  forging  of  titanium  alloys. 

This  contract  with  Wyman-Gordon  Company  is  monitored  tech- 
nically by  Mr.  A.  M.  Adair,  Processing  and  High  Temperature 
Materials  Branch,  Metals  and  Ceramics  Division,  Air  Force 
Materials  Laboratory,  Air  Force  Systems  Command,  Wright- 
Patterson  Air  Force  Base,  Ohio.  The  pronram  work  was 
conducted  by  the  Research  and  Development  Denartment  of_ 
Wyman-Gordon  Company  with  C.  C.  Chen  as  proqram  manager. 

Mr.  J.  E.  Coyne  is  Vice  President  and  Technical  Director  of 
the  company,  and  Mr.  W.  II.  Couts  is  Manager  of  the  Research 
and  Development  Department. 
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SECTION  I 

SUMMARY  AND  RECOMin'NDATTON 

A . Main  t'c t i v^jp_ f t he  r rogr ant 

The  main  obioctiv'e  of  tht'  subiect  pnoaram  is  to  evaluatt'  and 
to  scale-up  the  nowly-devel oped  lubrication  systems  for 
isothermal  forqimi  of  both  alpha-beta  and  beta  titanium 
alloys.  It  is  to  further  c-ontiitue  i nvest  iqat  ions  iit  improveil 
lubiicant  compositions  from  the  standpoiitt  of  lubrication 
effectiveness,  practical  requirements,  and  environmental 
acceptability,  for  manufacturi  ncj  aircraft  ouality  components 
throiKih  isothermal  forqinqs. 

B . Lubricants  for  Alyiha-Beta  Ti  tani urn  Al  1 ws 

1.  There  is  a detrimental  influence  of  qas-fired  env’i  ronnu'nt 
on  both  anti- friction  and  adhesion  characteristics  of 
the  lubricants.  None  of  the  present  lubriCvints  could 
provide  satisfactory  lubrication- functions  for  use  in 
the  qas-fired  environment. 

2.  In  a qas-fired  furnace,  the  performance  of  TRW  s r.FBN-8 
and  (lFTC-8  was  extremely  poor.  Acheson's  Peltaqlaze-fB 
qave  the  most  acceptable  performance. 
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3.  By  heating  in  an  electric  furnace,  the  best  combination 
of  lubricity,  adhesion,  and  surface  finish  was  achieved 
by  TRW' s GFBN-8.  Acheson's  Deltaglaze-69  provided 
excellent  anti-friction  characteristics,  but  displayed 
unfavorable  adhesion  properties.  TRW' s GFTC-8  gave 
excellent  adhesion,  but  had  lower  lubricity. 

C . Lubricants  for  Beta-Titanium  Alloys 

1.  The  TRW's  LFC-11  gave  the  best  combination  of  lubricity 
and  adhesion  characteristics  in  both  electric  and  gas- 
fired  furnaces  for  use  in  the  1300  to  1550F  temperature 
range,  and  may  represent  the  state  of  the  art  for  iso- 
thermal forging  lubricant  of  beta-titanium  alloys. 

2.  TRW's  LFC-8  provided  excellent  adhesion  properties,  but 
it  displayed  comparably  poor  lubricity  and  stability. 

The  Acheson's  Deltagla2e-149  had  excellent  anti-friction 
characteristics;  however,  it  gave  unfavorable  adhesion 
strength. 

3.  The  gas-fired  environment  appeared  to  have  an  effect  on 
both  metal  flow  and  adhesion  strength  of  the  coating, 
but  the  degree  of  influence  was  considerably  smaller, 
as  compared  with  the  lubricants  (i.e.,  TRW's  GFBN-8  and 
GFTC-8)  for  alpha-beta  titanium  alloys. 


1.  Several  excellent  lubricants  have  been  recently  devel- 
oped for  isothermal  forcjinq  of  alpha-beta  titanium 
alloys.  However,  each  lubricant  still  has  its  relative 
virtues  and  limitations  in  manufacturinq  performance. 

2.  The  reliability  of  the  lubricant  effectiveness  and 
performance  could  not  be  sat  is  factor  i 1 >■  demonstrated 
before  one  tests  such  lubrications  directly  in  actual 
performance  conditions  and  requirements  in  the  force 
shop. 

3.  The  glass  coatings  for  alpha-beta  titanium  alloys  are 
excellent  in  lubricity  and  have  good  protective  nature. 
However,  the  inability  to  good  atmosphere  stability, 
good  release  agent,  low  accumulation  tendency,  and  low 
corrosive  activity  limits  the  precision  achievable  with 
the  glass  coatings. 

4.  At  the  present  state  of  technology,  the  isothermal 
forging  lubricants  for  beta  titanium  alloys  mav  be 
regarded  as  much  more  readily  acceptable  lubricants  for 
manufacturing  applications.  Lubricants  with  excellent 
combinations  of  lubricity,  adhesion  characteristics, 
and  environmental  inertness  are  available. 
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SECTION  II 

INTRODUCTION  AND  BACKGROUND  REVIEW 

A . State-of-Technoloqy  in  Isothermal  Eorging  Lubrication 


‘ Since  the  introduction  of  isothermal  forging  techniques  for 

producing  close-tolerance  forgings,  considerable  effort  has 
been  concerned  with  the  development  of  improved  lubrication 
systems  for  isothermal  forging  of  titanium  alloys 
This  is  basically  because  the  ability  to  produce  cost- 
effective  net  or  near-net  structural  components  through 
isothermal  processing  depends  strongly  upon  the  effective- 
I ness  of  the  lubrication  system  used. 

In  very  recent  development  programs  of  isothermal  forging 
lubrication  systems  (*,  ^),  several  lubricants  have  been 
I developed  for  the  isothermal  forging  of  titanium  alloys. 

j 

' Among  them,  the  TRW's  GFBN-8  and  GFTC-8  under  AFML  Contract 

' F33615-74C-5059 , and  Acheson's  Deltaglaze-69  and  TRW's  OPT- 

^ 112  under  AFML  Contract  F33615-74C-5011  should  be  particularly 

mentioned.  These  lubricants  were  reported  to  possess  superior 
qualities  to  those  of  the  previously  available  hot-die 
lubricants.  In  addition  to  high  lubricity,  long-term  thermal 
stability,  good  chemical  compatibility  with  die  materials, 
they  were  experimentally  shown  to  have  the  ability  to  with- 
stand gas-fired  furnace  atmosphere.  However,  these  lubricants 
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^ have  still  some  limitinq  features  for  a successful  production 

lubricant.  It  can  be  qenerally  stated  that  the  Acheson 
Deltaqlaze-6‘1  possesses  major  advantaaes  over  the  TRW  formula- 
;i  tions  in  the  environmental  acceptability,  ease  and  safety  of 

• application,  but  the  TRW  lubricants  appear  to  qive  better 

I removability,  less  die  build-up  in  the  cavity,  and  fewer 

qlass  strinqers. 

A successful  lubrication  system  for  the  manuf actur inq  net  or 
near-net  forqinqs  throviqh  isothermal  processinq  depends  not 
only  on  the  basic  lubrication  characteristics,  but  also  upon 
its  actual  performance  conditions  and  environmental  require- 
ments in  the  forqe  shop.  From  manufacturinq  viewpoints, 
there  are  two  fundamental  bases  for  an  acceptable  and  success- 
ful lubricant.  The  primary  consideration  must  be  that  the 
lubricant  will  display  excellent  lubrication  performance  for 
producinq  structural  shape  forqinqs  in  the  forqe  sliop. 
Secondly,  if  one  considers  the  extreme  thermal  environment 
conditions  encountered  by  isothermal  forqinq  systems,  the 
ability  of  a lubricant  to  combine  the  environmental,  safety, 
and  health  requirements,  as  well  as  the  ease  of  handlinq  at 
hiqh  temperature  environments  is  of  equal  importance. 


, Although  the  developed  lubricants  are  similar  in  many 

respects  in  optimizing  the  lubrication  characteristics  for 
the  use  in  hot-die  systems,  the  basic  concepts  of  lubricant 
development  can  be  generally  grouped  into  two  different 
categories  depending  on  the  nature  of  the  carrier  used, 
i.e.,  the  water-base  (‘,  or  the  xylene-base  (',  ®). 

Others  are  alcohol-base  (e.g.  Acheson's  Deltaglaze  D-347M) 
and  Isopropanol-base  (e.g.  Acheson's  Deltaglaze  D-347) . The 

I 

development  approach  for  the  water-based  lubricants,  such  as 

Acheson  Deltaglaze  formulations,  concerns  with  both  basic 
I 

lubrication  characteristics,  and  environmental  and  safety 
requirements  from  a production  basis. 

In  the  case  of  xylene-based  lubricants,  such  as  TRW-OPT 
I formulations  and  Markal-CRT  coatings,  the  fundamental  concept 

i 

I concentrated  primarily  on  maximizing  the  lubrication  effective- 

ness; the  environmental  consequences  to  the  use  of  the 
■ lubricant  in  manufacturing  applications  are  not  of  particular 

concern.  Xylene  (CgH^ . (CH^ ) 2 ) is  a flammable  liquid,  and 
also  a human-toxic  chemical.  Its  explosive  limits  in  air 
are  1 to  5%  by  volume.  Examples  of  available  xylene-based 
lubricants  are  TRW s OPT-112,  GFBN-8,  GFTC-8,  Markal's  CRT, 
CRT-HA. 
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C.  F^^orimontal  Naturo  of  l^bi'ia'ant  Porformanco 

Tho  ii'prodiicibi  1 ity  and  reliability  of  the  lubricant  performance 
could  not  be  satisfactorily  demonstrated  before  one  tests 
such  lubrication  systems  directly  in  a die  set  which  is 
sufficiently  lar>.]e  and  complex  to  accomnwdate  the  size  and 
geometry  required  for  the  actual  structural  shape  forqinqs. 
However,  the  previous  development  work  on  evaluating  the 
lubricant  effectiveness  for  isothermal  forginq  of  titanium 
alloys  has  been  limited  only  to  produce  laboratory-scale 
forqings  (',  ').  In  some  cases,  the  evaluation  has  extended 
to  simulated  airframe  structural  components,  but  the  size 
and  rib-and-web  geometry  for  the  components  used  were  qener- 
ally  oversimplified.  In  view  of  the  advanced  p'rogress  in 
the  technology  of  isothermal  forgings  for  titanivim  alloys, 
there  ap>p>ears  to  be  a need  for  accelerating  and  for  demon- 
strating the  validity  of  the  lubricant  effectiveness  by 
forging  in  a more  realistic  and  complex  shape  component. 


i 

N D.  status  of  Isothermal  Forging 

Technology  on  an  Economic  Basis 


In  titanium  alloy  forgings,  the  techniques  of  making  isothermally 
forged  components  have  been  available  However,  the 

cost  effectiveness  of  the  isothermal  processing  over  a wide 
range  of  structural  components  has  been  a question  of  uncer- 
tainty. One  of  the  major  factors  in  limiting  the  economical 

[ 

justification  of  hot-die  processes  has  been  the  high  cost  of 
the  die  materials  required  for  the  process. 

i 

I An  alternate  approach  to  reduce  the  cost  of  isothermal 

I forging  systems  for  titanium  alloys  is  to  use  the  lower  die 

I • temperature.  This  suggests  that  the  beta  type  of  alloy  such 

I I as  Ti-10V-2Fe-3Al  will  be  ideal  candidate  materials  because 

‘ j this  type  of  alloys  has  relatively  low  beta  transus  tempera- 

i t 

; I ture  and  possesses  much  lower  flow  stress  than  that  of 

, j alpha-beta  alloys  at  higher  temperature  (Figure  1)(*’).  The 

possibility  of  using  a die  temperature  at  the  1300  to  1550F 
range  for  isothermal  forging  has  excellent  advantages  from 
^ the  cost  and  the  stability  of  available  die  alloys  ('). 
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SECTION  III 
TI'CHNICAL  EFFORT 

The  technical  approach  for  the  proqram  was  primarily  con- 
ducted in  order  to  demonstrate  the  reproducibility  and  the 
acceptability  of  newly  developed  isothermal  forqinq  lubricants 
for  producinq  close  tolerance  titanium  forqinqs.  In  Phase 
I,  the  technical  effort  was  desiqned  to  critically  test  ..he 
lubrication  effectiveness  for  the  lubricants  recently  developed 
under  AFML  Contract  F33615-74C-5059  ( ' ) ; the  currently 
available  lubricants  of  Acheson  Deltaqlaze-69  for  alpha-beta 
titanium  alloys  and  Acheson  Deltaqlazc-14R  for  beta  titanium 
alloys  were  selected  for  comparison.  An  existinq  tooling 
system  at  Wyman-Gordon  Company  was  used  for  manufacturing 
actual  aircraft  quality  component  forgings  and  for  evaluatinq 
the  lubricity,  adherence  characteristics,  and  protective 
action  of  the  lubricants. 

Also,  the  technical  approach  in  the  rhase  II  was 
to  develop  new  lubricants  which  would  provide  combined 
functions  of  lubricant  ef f ect iv'eness , environmental,  safety 
acceptability,  and  ease  of  handling  at  extreme  hiqh  t.iermal 
environments  for  isothermal  forging  of  alpha-beta  titanium 
alloys.  A final  comparison  was  made  to  select  the  one  most 
promising  lubricant  for  each  of  alpha-beta  and  beta  titanium 
alloys. 
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N The  part  selected  for  this  program  is  one  of  the  F-15  bulkhead 

centerbody  components  with  a projected  plan  view  area  of  80 
square  inches.  This  die-set  (Figure  2)  is  made  of  Astroloy 
and  has  a die  impression  volume  of  34.2  in.’,  web  thickness 
of  0.18  inch,  and  rib  thicknesses  ranging  from  0.08  to  0.14 
inch.  The  draft  angle  for  the  die  cavity  is  0°  30*  draft  on 

1 

two  long  outside  vertical  surfaces,  and  1°  30'  draft  on  most 
inside  vertical  surfaces.  This  part  is  very  attractive  for 
assessing  lubricant  efficiency  because  it  represents  a 
typical  production  part  for  moderate  aircraft  components  and 
also  characterizes  structural  rib-and-web  shape  geometries 
for  large  aircraft  components.  The  results  obtained  from 
producing  this  part  forging  should  have  direct  applicability 
i to  produce  the  still  larger  forgings  most  commonly  used. 

' In  addition,  they  should  serve  to  validly  produce  Bearing 

. Support  Components  for  the  recently  completed  AFML  Manu- 

facturing Technology  isothermal  forging  tooling  program  at 
Wyman-Gordon  Company  because  of  similar  shape  and  geometry 
characteristics  ('). 
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h . Phase  I - Lubricant  Evaluation 

1.  Task  I - Alpha-Beta  Titanium  Alloy 
(1500-1800F  Range) 

The  Ti-6Al-4V  alloy  was  employed  for  this  portion  of  the 
evaluation.  Two  of  the  most  promisinq  candidate  isothermal 
forqinq  lubricants  developed  under  AFML  contract  F33615-74C- 
5059  (^)  were  initially  evauated  at  two  isothermal  part/die 
temperatures  of  1600F  and  1750F.  For  comparison,  the  Acheson 
Deltaqlaze-69  was  also  used  for  this  portion  of  the  proqram. 

(a)  Experimental  Lubricants  Developed 

Under  Contract  F3361 5-74-C-5059 

The  two  AFML- recommended  lubricants  (TRW  GFBN-8  and  GFTC-8) 
were  used  for  forqinq  evaluations  in  the  1500  to  1800F 
temperature  ranqe  (^,  ').  Ten  different  lots  of  lubricants 

wore  received;  five,  one-half  qallon  quantities  representinq 
five  different  batches  per  each  lubricant.  Both  experi- 
mental lubricants  were  sampled  from  batches  number  A and 
number  F,  of  each  lubricant  for  analyzinq  undesirable  elements 
at  Wyman-Gordon.  As  qiven  in  Table  1,  the  results  of  spectro- 
chemical  analysis  indicated  that  both  lubricants  contained 
only  very  small  amounts  of  undesirable  elements;  amounts  of 
As,  Bi,  Cl,  F,  Mq,  P,  Pb,  R,  Sb,  and  Na  were  within  the 
acceptable  limit. 
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SPECTROCHEMICAL  ANALYSIS  RESULTS  OF  VARIOUS  CANDIDATE  LUBRICANTS 


Lubricant 

Compositions  (PPM) 

Phase  I 

(Task  I ) 

Phase  I (Task  II) 

Phase  II 

Element*  GFBN-8 

A E 

GFTC-8 
_A E_ 

LPC-8 LFC-l'i 

Water  Glass 
(CP-C9) 

As 

<10  <10 

-10  <10 

<100 

<100 

<100 

I Bi 

30  50 

20  <10 

< 10 

10 

• 10 

Cl 

<100<100 

<100<100 

< 50 

< 50 

< 70 

F 

<50  <50 

<50  <50 

< 50 

< 50 

- 50 

Hg 

^100-100 

<100-100 

< 10 

< 10 

< 10 

P 

<30  <30 

<30  <30 

38 

58 

< 50 

Pb 

<10  <10 

<10  <10 

maj  ** 

10 

< 10 

S 

<20  <20 

30  70 

<100 

<100 

40 

Sb 

<10  <10 

<10  <10 

< 10 

< 10 

< 10 

A1 

maj  maj 

maj  maj 

1000 

1000 

500 

B 

maj  maj 

maj  maj 

< 10 

maj 

10 

Co 

<10  <10 

100  100 

< 10 

maj 

- 10 

1 Cr 

<10  <10 

<10  <10 

<10  > 

1000 (min 

.)**  < 10 

j Fe 

maj  maj 

maj  maj 

maj 

10 

maj 

i K 

<10  <10 

<10  <10 

<100  < 

100 

<100 

i Mg 

maj  maj 

maj  maj 

100 

100 

-100 

I Mn 

100  100 

100  100 

100 

100 

■ 10 

Na 

<10  <10 

<10  <10 

1000 

10 

maj 

Si 

1 

maj  maj 

maj  maj 

maj 

maj 

maj 

Ti 

<10  <10 

maj  maj 

- 10  < 

10 

10 

* Ca, 

Cu,  Zn,  Zr 

, and  Sn 

' 10  ppm 

for  all 

of  the  lubricant 

' Ba, 

Li,  Ni,  and  Sr  are 

< 

100  ppm  for 

all  of 

the  lubricants 

**  maj. 

= major 

min.  = minor 
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(b)  Preliminary  Rib-and-Web  Forging  Trials 


( 1 ) First  Preliminary  Evaluation 

In  order  to  give  a more  careful  selection  of  the  control 
lubricants  for  the  program,  various  Acheson  lubricants 
(samples)  were  obtained  from  Acheson  for  preliminary  lubri- 
cant evaluation;  these  lubricants  were  modified  from  Delta- 
glaze-69  and  Deltagla2e-149  with  either  silicate-removal  or 
BN-addition ( ® ) . A series  of  rib-fill  forging  tryouts  were 
made  to  compare  the  lubrication  efficiency  of  these  Acheson 
lubricants,  using  Wyman-Gordon  Astroloy-U700  rib-and-web 
dies.  As  shown  in  Figure  3,  this  forging  is  about  5 inches 
in  length,  3 inches  in  width,  and  0.9  inch  in  thin  vertical 
ribs.  The  die  cavity  has  a die  impression  volume  of  5.85 
in’,  plane  view  area  of  15  in^,  web  thickness  of  0.20  inch, 
rib  thickness  of  0.12  inch,  and  0°  30'  draft  on  all  outside 
vertical  surfaces. 

Fifteen  Ti-6Al-4V  flat  blanks  (0.5  inch  x 2.65  inch  x 4.64 
inch)  were  machined  as  preforms  for  this  experiment.  The 
plate  stock  for  these  blanks  was  produced  by  hot-rolling  at 
1750F;  the  preform  microstructure  for  this  plate  stock  is 
given  in  Figure  4. 
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The  lubricants  used  for  this  evaluation  included  Deltaqlaze- 
69,  Deltaglaze-347M,  Deltaglaze-349M,  TR-939,  TR-939+BN, 
Deltaqlaze-149,  WO-322A,  and  TR-750.  The  1/2  inch  flat 
blanks  of  Ti-6Al-4V  alloy  were  one-stage  forged  to  the  "H" 
shape  configuration  (Figure  3)  with  closely  controlled 
forging  variables.  They  were  forged  at  three  different 
part/die  temperatures  (1750F,  1600F,  and  1500F) . Other 
forge  variables  were  held  constant;  average  ram  rate  = 0.2 
in/m,  average  forging  time  -50  seconds,  transfer  time  from 
furnace  to  dies  =5  seconds,  furnace  time  = 45  minutes, 
preform  microstructure  = a+6,  excess  preform  volume  = 5%, 
preform  preparation  method  = machined,  lubricant  film  thickness 
= 6 mils,  lubricant  application  method  = spray.  The  maximum 
forging  deformation  was  50%  reduction  in  thickness.  After 
the  forging  operation,  the  forgings  were  air-cooled  and 
sandblast-cleaned,  and  the  final  web  thicknesses  were  measured. 
Figure  5 illustrates  an  example  of  the  initial  preforms  used 
and  the  actual  forgings  produced. 


Acheson's  WO-315A  lubricant  is  chemically  the  same  as  Delta- 
qlaze-69  (originally  designated  as  WO-315)  except  that  the 
3%  sodium  silicate  was  removed  from  WO-315  with  the  intention 
to  improve  the  die  life.  Similarly,  the  WO-322A  is  a no- 
silicate version  of  Deltaglaze-14 9 (originally  desiejnated  as 
WO-322) . The  TR-939  lubricant  was  a modification  of  WO-315A 
in  order  to  improve  the  long-term  shelf  life;  shelf  life  of 


Example  of  machined  preform  vised 
produced  (b)  for  this  evalviation 
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WO-J15A  was  reduced  considerably  when  the  silicate  was 
removed.  Deltaglaze--347M  and  Deltaqlaze-349M  are  chemically 
similar  to  Del taglazo-69  and  Deltaqlaze-149 , respectively, 
but  the  alcohol  was  used  as  carrier  for  both  Deltaqlaze-347M 
and  Deltaglaze-349M.  The  carrier  for  TR-750  lubricant  is 
trichlorethane. 

It  is  seen  from  Table  2 and  Figures  6 and  7 that  among  the 
Acheson  formulations,  the  Deltaglaze-69  and  its  alcohol-base 
version  Deltaglaze-347M  had  favorable  anti-friction  character- 
istics, and  surface  finish  at  1600F  and  1750F.  The  Delta- 
qlaze-149  displayed  comparably  satisfactory  results  at 
1500F,  as  compared  with  WO-322A  and  TR-750;  our  experience 
showed  poor  thermal  stability  of  the  coatinn  at  1750F.  The 
removal  of  sodium  silicate  from  these  lubricants  (TR-939  and 
WO-322A)  reduced  the  lubricity  and  increased  the  adhesion 
strength.  Also,  no  obvious  improvement  in  lubrication 
efficiency  was  observable  by  the  BN-addition  (designated  as 
TR-939  [BN]).  From  a production  standpoint,  the  adhesion 
properties  for  these  Acheson  lubricants  can  only  be  rated  as 
good . 


(2)  Second  Preliminary  Evaluation 

Very  recent  results  from  ring  compression  and  adhesion 
testings  as  performed  by  Westinghouse  (’,  " ) showed  that,  in 
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spite  of  excellent  anti- f riction  which  could  be  achieved  by 
the  Del  tag laze-69 , unfavorable  adhesion  characteristics  were 
observed.  From  a production  basis,  any  failure  in  removing 
the  forgings  under  the  extremely  thermal  environment  conditions 
encountered  by  isothermal  forging  systems  in  the  forge  shop 
will  cost  many  times  the  amount  that  can  be  achieved  by 
improving  the  anti-friction  features.  Note  that  the  friction 
factor  for  currently  promising  and  available  isothermal 
forging  lubricants  is  of  similar  magnitude,  e.g.,  the  value 
of  m is  in  the  range  of  0.05  to  0.15  at  1650F  for  these 
lubricants . 

One  of  the  important  factors  for  demonstrating  the  lubrication 
effectiveness  for  the  newly  developed  experimental  lubricants 
is  the  use  of  a proper  "control"  lubricant.  Hence,  an  additional 
effort  was  made  specifically  to  compare  the  adhesion  and  anti- 
friction characteristics  for  several  most  promising  lubricants 
using  rib-and-web  forging  tests.  The  lubricants  included  TRW's 
GFBN-8,  GFTC-8,  OPT-112,  Acheson ' s Del taglaze-69 , Deltaglaze-149, 
Deltaqlaze-347M,  Deltaglaze-349M,  and  Markal's  CRT  and  CRT-HA 
coatings.  An  additional  reason  for  making  this  lubricant 
optimization  trial  is  to  examine  the  possible  detrimental  effect 
arising  from  the  use  of  the  experimental  lubricants,  i.e., 

TRW's  GFBN-8  and  GFTC-8.  It  should  be  noted  that  recent  results 
obtained  at  Westinghouse  (“')  indicated  that  Markal's  CRT  and  CRT-HA 
coatings  are  more  favorable  in  adhesion  characteristics  than 


Acheson 's  Del  tag laze-69 . 


Porty-two  fl.Tt  blanks  of  Ti-6Al-4V  alloy  plates  wore  machined 
from  hot  rolled  plate  stock  to  O.l  inch  x 2.65  inch  x 4.64 
inch  preforms.  They  were  coated  with  various  lubricants 
;see  Table  1)  for  6 mils.  Atjain,  these  preforms  were 
(iirectly  finish  forcuxi  in  one  operation  with  clcjsely  con- 
trolleil  foruinq  variables.  Tliey  were  foi'qed  at  four  dif- 
ferent |)art/die  temperatures  of  1 7 50P  z' 1 7 501’ ; 1 6001' ' 1 6 001’ ; 

1 7501’/1  1251’;  aitd  1 7 501’/ 1 2001’ . furnace  time  was  twc’'  (2) 
hours  and  transfer  time  from  furnace'  to  die  was  about  f i \'e 
(5)  se'concls.  A dummy  sample  was  useii  to  remove  t lie  rc'sidual 
lubes  between  the  different  coatinqs.  'I’he  forqinqs  were' 
bl ast-cleaneel  anel  the  web-thicknesses  were  measure'd. 

As  a result,  the  best  combinatiein  of  lubricity,  adhesiem 
characteir  i st  icR  , and  surface  finish  was  achic've'd  by  TKW  ' s 
(’.I’HN-ll . TRW's  C’.1'’T('-R  also  iiavei  qeieiel  pe'r  f ormance'  at  17501’  to 
1600r’  t e'lupe'rat  ui'e'  ratuie.  Ae'hcson  ' s Pe'l  f aq  1 a ?;e'-60  and  be'lta- 
el  1 ay.('- 14  7M  preivide'd  exce'lle'tit  rib-fill,  but  it  has  a t I'lule'iu'y 
to  stic'k  tel  the’  dies.  TRW's  (il'T-lt2  eiave'  f'xce'lle'tit  adtu'sie'n 
[irope'rty,  howe've'r,  s i ipii  f i cant  1 y re'duceel  the  de'eire'e'  of  cart - 
fill.  The  performance'  eif  Markal's  formulations  w.is  re'la- 
tively  poor,  i.e.,  heavy  die-buildup,  poeir  ant  i-f  rictiein  and 
adhesion  characteristics,  and  poor  surface  finish.  The 
Del  taqla/.e-l  40  displayed  satisfactory  results  at  1 750TV1125F 
anel  1 750F/1200R  conelitions.  Fiqures  (1  and  0 illtistrate  the' 
rib-anel-web  fore^ineis  produced  from  this  preliminary  c'va  1 tiat  i on  . 


FORC.ING  VARIABLHS  USMD  FOR 
PHASE  I 

SECOND  PRELIMINARY  RIB-AND-WEB  FORGING  EVALUATION 


Stock 

Die 

Ram 

Load 

Serial 

Temp , 

'Vemp . 

Rate 

Aupl ied 

Number 

Lubricant* 

(F) 

(F) 

( in/mi n) 

( tons ) 

1,6,10 

GFBN-8 

1750 

1750 

0.2 

22  5 

2,  11 

GFTC-8 

1750 

1750 

0.2 

22  5 

3,  12 

OPT-l 12 

1750 

1750 

0.2 

2 2 5 

4 , 13 

n-149 

1750 

1750 

0.2 

22  5 

5,14,15 

D-69 

1750 

1750 

0.2 

22  5 

7,  16 

D-347M 

1750 

1750 

0.2 

225 

8 , 17 

M-CRT 

1750 

1750 

0.2 

225 

9,  18 

M-CRT-llA 

1750 

1750 

0.2 

225 

19,  26 

GFBN-8 

1600 

1600 

0.2 

37  5 

20,  27 

GFTC-8 

1600 

1600 

0.2 

37  5 

21,  28 

OPT-l 12 

1600 

1600 

0.2 

37  5 

22  , 29 

n-149 

1600 

1600 

0.2 

37  5 

23,30,33 

D-69 

1600 

1600 

0.2 

37  5 

24,  31 

M-CRT 

1600 

1600 

0.2 

37  5 

25,  32 

M-CRT-HA 

1600 

1600 

0.2 

37  5 

34 

GFBN-8 

1750 

1325 

5 

(-00 

35 

GFTC-8 

1750 

132  5 

5 

(-0  0 

36 

OPT- 1 1 2 

1750 

1325 

5 

(-00 

37 

D-14  9 

1750 

1325 

5 

6 00 

38 

D-69 

1750 

1325 

5 

600 

39 

M-CRT 

1750 

1325 

5 

600 

40 

M-CRT-HA 

1750 

1325 

5 

600 

41 

GFBN-8 

1750 

1 200 

5 

8 00 

42 

n-149 

1750 

1200 

5 

800 

GFBN-8,  GP'TC-8,  and  OrT-112  are  TRW' s formulat  ions ; 

D-149,  n-69,  D-349M,  and  D-347M  are  Acheson's  Deltaqlara-' 
formulations;  M-CRT  and  M-CRT-llA  are  Markal-CRT  formulat  ions 
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Based  on  the  results  of  the  two  preliminary  lubricant  evaluations, 
it  was  concluded  that  Acheson's  Deltaqlaze-69  is  preferable 
to  TRW s OPT-112  as  the  "control"  lubricant  for  the  finish 
forginqs  in  the  1600-1750F  temperature  range.  Specific 
reasons  are:  (1)  favorable  anti-friction  characteristics, 

(2)  excellent  thermal  stability,  and  (3)  great  ease  of 
application.  An  additional  reason  is  that  both  TRW s GFBN-8 
and  OPT-112  have  similar  formulation  compositions,  and  GFBN- 
8 appears  to  have  much  better  lubricity  than  the  OPT-112. 

(c)  A Scaled-up  Approach  of 
the  Lubrication  Systems 

The  present  lubrication  testings  for  the  most  promising 
candidate  isothermal  forging  lubricants  developed  under 
contract  F33615-74-C-5059  have  been  limited  to  small-scale 
laboratory  forgings  only  (^).  In  order  to  carry  on  the 
logical  steps  toward  manufacturing  applications,  the  eval- 
uation of  these  lubricants  on  an  actual  aircraft  component 
forging  is  required  for  testing  more  closely  related  to 
application  performance.  As  described  earlier,  the  proposed 
die  set  for  this  program  is  an  actual  aircraft  structural 
part  which  includes  those  features  of  typical  structural 
aircraft  components.  This  die  cavity  combines  maximum 
advantages  of  moderate  size,  80  square  inch  in  plan  view, 
and  rib-and-web  geometry.  It  would  serve  to  validly  scale- 
up  to  the  still  larger  forgings  most  commonly  used. 
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As  previously  stated,  the  theme  for  this  portion  of  the 
evaluations  is  the  comparison  of  the  lubrication  effective- 
ness for  two  experimental  lubricants  (CFBN-8  and  r.FT(.'-8) 
with  the  Acheson's  Deltaqlaze-69 . The  maior  v'ariables 
designed  to  examine  the  lubricant  performance  are  as  follows; 
deviree  of  part  fill,  ease  of  part  release  from  the  die 
cavity,  severity  of  lubricant  buildup,  and  condition  of 
surface  integrity. 


(1)  Titanium  Allov  Forqinu  Stocks 


The  startinq  material  was  4-9/16  inch  diameter  Ti-t'Al-4\’ 
bar,  purchased  from  Titanium  Metal  Company  of  America.  '^he 
chemistry,  a+S/S  transus,  and  microst ructure  of  the  as- 
received  stock  (TMCA  heat  N-8554)  were  checked  at  Kvman- 
Gordon.  The  chemical  composition  was  vletermined  to  be 
closely  aqreed  with  the  certified  chemistry  by  the  moot 
producer  and  the  a+8/8  transus  was  determined  to  be  ISI^k. 
The  startinq  billet  had  a strvicture  characterized  b\'  the  .\+. 
finish.  This  material  was  sonic  inspected  and  met  Mll.-T- 
9047  requirement  per  approved  procedure.  Table  4 presents 
chemistry  for  the  proqram  materials. 
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(2)  Prol imi nary  Processinqs 
for  Forging  Stocks 


The  initial  Ti-6Al-4V  alloy  stock  was  cogged  and  drawn  from 
4-‘>,'16  inches  round  to  2-1/4  inches  round  at  1750r  using 
hydraulic  press.  They  were  then  sectione<l  into  inch  lone 
multiples,  blasted,  ground  to  remove  minor  wrinkles,  and 
chcm-milled  to  remove  surface  layers.  The  flattening, 
rolling,  fuller,  preblocker  and  blocker  operations  were 
subsequently  carried  out  for  these  multiples. 

These  operations  were  performed  by  hanmier  forging  at  1750F 
in  the  Worcester  plant  of  Wyman-Gordon  Company.  Forty-four 
Ti-6Al-4V  alloy  blockers  were  produced  for  finish  forging 
operations.  An  e.xample  of  top  and  bottom  views  of  the 
blockers  produced  is  given  in  Figure  10. 


(3)  Finish  Forging  F.valuation 
for  Ti-6Al-4V  Alloy 
(1500-1800F  Range) 


As  stated  earlier,  in  order  to  insure  the  constancy  of  forge 
operations  for  the  investigation,  the  forge  variables  such 
as  forge/die  temperature,  ram  rate,  preform  volume,  furnace 
time,  and  forge  pressure  were  closely  controlled  and  applied 
in  a consistent  manner.  The  two  experimental  isothermal 
forging  lubricants,  i.e.,  TRW' s CFBN-8  and  GFTC-8,  were  used 
for  this  evaluation  (Table  5) . For  comparison,  the  Acheson 
Deltaglaze-69  was  used  as  the  "control"  lubricant  for  this 
portion  of  the  program. 


COMPOSITIONS  OF  ISOTHERMAL  FORGING  LUBRICANTS 
SELECTED  AND  USED  FOR  PHASE  I (TASK  I)  EFFORT 


Source 

Lubricant 

Designation 

Compositions  and  Formulations 

TRW 

GFBN-8* 

850  Gram  Batch; 

300  gm  of  vitreous  phase  (31W/oSi02 
67W/0B2O3,  2.0W/oCaO,  l.OFeO, 
trace  MgO,  trace  K2O) 

24  gm  of  BN  (9-30  \i  size) 

446  gm  of  xylene 

77  gm  of  acrylic  emulsion 

TRW 

i 

GFTC-8* 

850  Gram  Batch; 

300  gm  of  vitreous  phase  (31W/oSi02 
67W/0B2O3,  2.0W/oCaO,  l.OFeO, 
trace  MgO,  trace  K2O) 

24  gm  of  TiC 

457  gm  of  xylene 

78.1  gm  of  acrylic  binder 

i Acheson 

\ Colloids 

, Company 

Delta-** 

glaze 

69 

water-based  silicate  glass  compound 

TRW 

OPT-112** 

14%  Boron  Nitride 

86%  Glass 

Glass  Composition  - 67%  B2O3 

33%  Silica  Glass  Frit  with 

2%  Transition  Metal 

* Lubricants  recommendea  from 
AFML  Contract  F33615-74C-5059 
(reference  5) 

**  Lubricants  recommended  from 

AFML  Contract  F33615-74-C-5011 
(reference  1) 
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A tu'rios  of  foity-lour  ( ■)  ■!)  roiiniuu?  wimo  I'l’otiiK'ivi  iisiim 
I til  I’l’  (1)  I ulii' i tM  t i cJd  pr.u't  ict’.s  llwi'iity  (<!0t  I'i'r  lul'rir.int 
fnr  two  tu'wly  ili'v'o  1 (ipod  lubricants  (')  and  tour  (•))  tor 
Aclioson  IH’ It  au  1 a;t(’-(>')  I . 'I'tu’y  wore  t'orut’d  in  t lu'  K Ii  1 '>('(1- 
t on  hydraulic  pri'ss;  the  die  set,  lu'at  inu  assembly,  and 
toolinu  system  with  top  and  bottom  movable  electors,  ar<' 
availabli'  .it  K N 11  of  li'ym.in-tlonlon  for  this  prour.im  foruini] 
(I'iqurc’  2).  The  iletails  of  the  processinu  vari.ibles  I cir 
linish  Icuuinu  ev.iluations  .irc'  listi'd  in  Tablt'  (> . 

Tlu'  main  char.icter  ist  i cs  for  the  finish  foruinu  pr.ictice  .irc' 
U i V('n  .IS  f o 1 1 ows  : 

.1 . r.irt/dic'  li'mperalure  for  t lu'  linish  operation: 

IJAOF^and  IhOOl’ 

All  t lu'  ev.iluation  w.is  m.ide  on  isotherm.il  conditions  in 
ordei’  t ii  I’limin.iti’  or  to  ri'ducc'  t.lu'  chilliiiii  eltect 
1 rom  t lu'  die.  Tlu'  two  selected  t emperat  uri':; , I7rint'  .ind 
l(>OOF,  fall  within  the  optimized  p.iit-die  t I'liiper.i  t ure 
r.inui'  spci'ific'd  in  t hi'  recently  completed  Al'Mh-si'onsori'. 
cent  r.ict  F IK)  1 1-?-! -C- 'lO  1 1 ('). 

1).  ;K  r.i  i n r.ite  in  t hi'  finish  oper.ifion; 

0.1  inch/minute  ram  r.ite 

It  h.is  been  experienced  th.it  the  ram  r.ite  of  '0.1  inch 
minute  .ipi'e.irs  to  be  optimum  condition  from  forqe 
pies.'uire  St  .indpcii  nt  tor  isothermal  foriiinu  of  this  Ti- 
t'Al-'lV  .illoy  component. 
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PROCl'SSlNl'.  VAHIAIM.KS  I'OK 
I’lNISM  Kl'Kr.lNC.  KVAl.UATIONS  OK 
Ti-('A1--U'  Al.l.OY 
I'MAKK  1 (TASK  1)  I'FKOKT 


K(m  ai' 

Avi'i  a 

bio 

Kam 

Kt  os:-. 

Koi'  i a 1 

liVibf  i cant  * 

Tom)'. 

Kat 

till  nav'o*  ■* 

Aoi'l  1 

Numlx'r 

((.’oat  i lui ) 

(K1 

( i i\  m i n 1 

Typo 

(Ks  i 

1 - t 

OKMN-O 

1 V'lO 

0.  1 

Oas-t  i roil 

•1-10 

O.KHN-Sl 

1 710 

0.  1 

K 1 ool r i o 

, ' > 

11-11 

OKHN-il 

1 ('  0 0 

0.  1 

Oa  s- 1 i 1 Oil 

1-1-20 

OKHN-Sl 

1 (>0  0 

0 . 1 

K 1 oot \ 1 o 

\ * . 

2 1 - 2 .1 

0,K'IV-8 

1 ;io 

0.  1 

Oas- 1 1 1 ('ll 

/ 

2-1-  10 

OK  TO -11 

1 710 

0.  1 

K 1 oot  I i v’ 

s 

11-11 

O.KTO-8 

1 OOO 

0.  1 

O.o;-  1 1 rovl 

M-'IO 

OK TO -8 

1 OOO 

0. 1 

1'  1 ('ol  1 i <' 

* ^ 

•1 1 

bi'l  t an  la/.o-(''i 

1 710 

0.  1 

bias- ' i 1 <'il 

•12 

Hi'  1 1 aa  1 a 

1 710 

0 . 1 

K 1 oot 1 i o 

^ \ 

•1  1 

bo  1 t avi  1 a/a'-('‘l 

1 OOO 

0.  1 

O.as- 1 i 1 Oil 

1 ' . 

•1  •! 

bi'  1 1 avi  1 a /.i'-K'i 

1 I'OO 

0.  1 

K 1 oot 1 i o 

* Ooatt'd  t'of  ('  mils  by  spf.iy 

**  Km'n.ioi'  t imi'  1-1,  2 hovu  s;  ti  ansl  ov  t imr  I i om  I vn  nai'c 

t<'  ilit'  "i  st'cotuLs 

***  Pwol  1 t inu'  “I  miiMito 


c . Preform  microstructure:  «->-B 

Recent  results  (',  ' " ) suggest  that  an  (a+B)  preform 

followed  by  an  (a+P)  finish  should  result  in  the  lower 
pressure  required  and  provide  better  die-fill,  as 
compared  to  P-preform.  It  is  anticipated  that  the 
residual  P structure  from  billet  conversion  will  be 
eliminated  after  considerable  preliminary  deformation 
has  applied  to  the  preform  in  the  a+P  field. 

d.  Preform  preparation  method 
and  excess  preform  volume 

The  preforms  were  produced  at  1750F  in  existing  conventional 
blocker  tooling  in  order  that  the  basic  preform  volume 
and  distribution  can  be  controlled.  An  excess  preform 
volume  of  ''2%  was  used  to  eliminate  possible  forge 
pressure  variations  due  to  flash  formation  and  were 
controlled  by  chem-mil 1 ing . 

e.  Furnace  Atmosphere 

The  initial  attempt  was  to  use  gas-fired  furnace  as 
preheating  furnace  in  order  to  simulate  the  atmosphere 
condition  in  the  forge  shop.  However,  it  was  discovered 
during  early  forging  operations  that  the  gas-fired 
environment  had  significantly  reduced  the  metal  flow 
characteristics  and  changed  the  coating  appearance  (see 
Figure  11).  Therefore,  both  gas-fired  and  electric 
furnaces  were  then  used  for  this  evaluation. 


■i: 


In  addition,  the  transfer  time  for  the  part  from  furnace  to 
die  cavity  was  controlled  at  five  (5)  seconds.  A constant 


forge  ; ksi  for  1750F  and  37.5  ksi  for  1600F)  pressure  was 
applied  for  all  the  forgings;  this  is  important  in  order  to 
compare  the  degree  of  die-fill  and  metal  flow  for  different 
lubricants . 


As  a result,  the  performance  of  TRW s GFBN-8  and  GFTC-8  was 
extremely  poor  by  heating  in  a gas-fired  furnace  at  both 
1750F  and  1600F;  lack  of  rib-fill  and  part-distortion  or 
bending  on  ejection  were  observed.  The  Acheson  Deltaglaze- 
69  appeared  to  give  the  most  acceptable  performance  for  gas- 
fired  environment,  as  compared  with  GFBN-8  and  GFTC-8,  but 
the  degree  of  part-fill  was  also  reduced  from  that  for 
electric  furnace.  The  results  of  the  as-forged  condition 
for  the  44  forgings  are  illustrated  and  compared  in  Figures 
12  through  15.  Figures  16  through  19  further  present  the 
blast-cleaned  surface  condition  for  these  structural  com- 
ponent forgings. 

By  heating  in  an  electric  furnace,  the  best  combination  of 
lubricity,  adhesion  characteristics,  and  surface  finish  was 
achieved  by  TRW s GFBN-8.  Acheson 's  Deltaglaze-69  provided 
excellent  anti-friction  characteristics,  but  it  displayed 
unfavorable  adhesion  properties.  TRWs  GFTC-8  gave  excel- 
lent adhesion  characteristics,  but  it  significantly  reduced 
the  degree  of  part-fill  (see  Figures  12  through  19) . 
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of  structural  component  forgings  produced 
forging  at  1750F  using  three  different 


GFBN-G  GFTC-u  Deltagla2e- 


Figure  15  Closeup  view  of  structural  component  forgings  produced 
by  isothermal  forging  at  1600F  using  three  different 
lubricants 
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igure  10b  Closeup  bottom  viev/  of  structural  component  forgings  produced 
by  isothermal  forging  at  1750F  using  three  different 
lubricants;  blast-cleaned  condition 
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It  should  be  particularly  emphasized  that  the  observation  of 
the  detrimental  influence  of  qas-fired  furnace  on  metal  flow 
and  adhesion  strength  within  short-time  furnace  exposure 
{'"1-1/2  hours)  was  surprising.  Although  the  gas-fired 
furnace  has  been  used  often  for  comparing  the  thermal  stability 
of  the  coatings  on  small-scale  laboratory  samples  or  forgings, 
the  previous  tests  have  been  limited  to  thic)<ness  and  weight 
changes  of  the  lubricant  films  and  visual  examination  of  the 
film  appearance  and  characteristics.  Here  the  direct  demon- 
stration of  the  effect  of  gas-fired  environment  on  both 
anti-friction  and  adhesion  characteristics  of  the  lubricants 
for  producing  an  actual  aircraft  component  forging  may 
j account  for  an  important  accomplishment  of  the  Phase  I , 

j efforts  in  the  subject  program.  i 

i : 

I Based  on  the  above  results,  two  essential  considerations 

i have  to  be  taken  in  order  to  improve  and  to  represent  the  ! 

state-of-the-art  in  isothermal  forging  lubricants.  First,  i 

if  the  newly  developed  lubricants  will  become  production 
I lubricants,  the  use  of  an  electric  furnace  as  a preheat 

I 

furnace  prior  to  isothermal  forging  is  necessary.  This  \ 

appears  to  be  impractical  since  most  of  the  forge  shops  use  I 

gas-fired  furnaces  as  preheating  furnaces  due  to  economical 

I 

reasons.  Second,  in  order  that  the  developed  lubricants 
could  be  commercially  acceptable  in  the  forge  shop,  the 
future  experimental  effort  on  the  evaluation  of  new  lubricant 

formulations  should  use  the  gas-fired  furnace.  ] 


2. 


Task  11  - Hota  Titanium  Alloy 


( 1 JO 0 - 1550 F R a n (.jo ) 


As  doscribocl  oarlier,  the  beta  or  noar-brta  titanium  alloys 
aro  stronq  alloy  candidates  for  futvue  aircraft  comtHment  s 
from  an  economic  reason  for  isothermal  foruiiui.  The  seli'cted 
alloy  system  for  this  portion  of  e\’aIuation  was  Ti-10\’-2Fe- 
lAl  alloy.  Tlie  excellent  ctimbination  of  hot-die  forqeability 
and  strenqth-ducti  1 ity-touqhness  rel  at  ionsliips  proviiles  this 
alloy  as  a stronq  potential  candidate  for  isothermal  forqinq 
of  titanium  aircraft  structural  compotients.  Wyman-C.ordon 
has  had  considerable  experience  on  hot-die  forqeabi 1 i ty , 
structure,  and  firoperties  for  this  alloy  'M. 

(a)  t’xper imcntal I.ubr icajits  Recommeiuled  1^’  AFMI. 

The  two  AFMI.- recommended  lubricants  (TRW's  l.Ff-R  and  MV- 
11)  ( , '^)  for  scale-ufi  in  isothermal  forqinq  of  ttie  Ti-10\’- 

2Fe-3Al  alloy  over  the  IJOOF  to  1550F  temperature  ranqe  wore 
formulated  by  TRVvf.  A total  of  ten  diff<M'ent  lots  ot  lubricant 
was  ordered  by  Wyman-flordon ; five  different  lots  per  Uibricant, 
and  a half-qallon  per  lot.  Details  of  the  compositions  and 
formulations  for  the  lubricants  are  qiven  in  Table  7.  it  is 
seen  that  the  LFC-fi  is  basically  a borosilicate  qlass 
coatinq,  while  LFC-11  is  a silicate  type  of  lubricant.  As 
described  by  the  lubricant  producer  these  lubricants 

were  formulated  for  spray  application;  l.FC-ll  was  diluted 
with  isopropyl  alcohol,  and  I.FC-8  was  diluted  with  xylene. 

They  should  be  thorouqlily  mixed  and  aqitated  dvninq  application 


TABLE  7 

COMPOSITIONS  AND  GENERAL  DESCRIPTION  OF 
ISOTHERMAL  FORCING  LUBRICANTS 
SELECTED  FOR  PHASE  I (TASK  II)  EFFORT: 

FOR  BETA  TITANIUM.  ALLOY  USE  AT  1 300  TO  1550F  TEMPERATURE  RANGE 


Source 


Lubricant 

Designation 

LEC-8* 


Compositions  and 
For  m Illations 

Vitreous  phase: 

60%  B2O3,  31%  Si02 
7%  K2O,  2%  CoO 
particulate  phase: 
3.7  wt.%  TaC 


LFC-11* 


Vitreous  phase: 

42%  Si02,  2%  Na20 
6%  K2O,  49%  PbO 
1%  LiO 

Particulate  phase: 
4.5  wt.%  CrC 


Acheson 
Col loids 
Company 


Del taqlaze- 
149 


Water-based 
silicate,  qlass 
and  orqanic  resin 


Gen eral  Des c r i p t i o n 

1 . Experimental 
lubricant 
recommended  for 
service  at  1350- 
1500E  with  Ni-alloy 
dies 

2.  An  excellent  wide- 
thermal  -spectrum 
isothermal  forqinq 
coatinq  for  beta 
Ti-al loys 

1.  Experimental  lubri- 
cant recommended 

for  service  at  1350F 
with  ferrous  alloy 
dies 

2.  ease  in  application, 
superior  in  compat- 
ibility, stability, 
and  adhesion,  but  a 
somewhat  hiqh  in 
adhesion  load 

1 . Commercial  lubricant 
for  isothermal 

forqinq  uses 

2.  Excellent  lubrica- 
cation,  protection, 
and  viscosity  in  the 
temperature  ranqe 

of  1300  to  1550F 


Recommended  lubricant  from 
AFML  Contract  F33615-74-C-5059 
(reference  5) 


(b)  Scaled-up  Evaluations  for 
Beta  Titanium  Alloy 


Finish  forging  evaluations  for  the  forty-four  Ti-10V-2Fe-3Al 
alloy  blockers  were  completed  using  two  experimental  isothermal 
forging  lubricants  developed  under  AFML  Contract  F33615-74C- 
5059,  i.e.,  TRW' s LFC-8  and  LFC-11,  and  the  "control"  lubricant 
Acheson  Deltaglaze-149 . As  stated  earlier  in  Task  I effort, 
the  forge  variables  were  closely  controlled  and  applied  in  a 
consistent  manner  for  insuring  the  constancy  of  forge  operations. 
It  was  revealed  in  the  preliminary  rib-and-web  forging 
trials  and  under  AFML  Contract  F33615-74C-5011  work  at 
Wyman-Gordon  (*)  that  the  Acheson  Deltaglaze-149  had  excellent 
lubrication  efficiency  in  the  temperature  range  of  1300  to 
1550F.  The  Deltaglaze-149  should  also  have  a more  adequate 
viscosity  than  Deltaglaze-69  at  1300  to  1550F  temperature 
range  (®).  Table  8 lists  the  details  of  the  processing 
variables  used  for  this  effort. 

(1)  Starting  Forging  Stocks 

The  Ti-10V-2Fe-3Al  alloy  of  8 inch  round  stock  was  purchased 
from  TMCA.  The  chemical  composition  (Table  2)  of  the  as- 
received  Ti-10V-2Fe-3Al  stock  (TMCA  heat  V-5145)  is  within 
the  proposed  chemistry  limit  for  this  alloy  formulation  ( ' '* ) 
and  the  starting  stock  was  sonic  inspected  to  acceptance 
standard  by  ingot  producer. 


TABLE  8 
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PROCESSING  VARIABLES  FOR 
FINISH  FORGING  EVALUATIONS  OF 


Ti-lOV 

-2Fe-3Al 

ALLOY  FOR 

PHASE 

I (TASK 

II)  EFFORT 

— 

Forge/ 

Average* 

Die 

Ram 

Pressure 

Serial 

Lubricant* 

Temp. 

Rate 

Furnace** 

Applied 

Number 

(Coating) 

(F) 

( in/min) 

Type 

(ksi) 

1-7 

LFC-8 

1550 

0,5 

Electric 

35 

8-10 

LFC-8 

1550 

0,5 

Gas-fired 

35 

11-17 

LFC-8 

1400 

0.5 

Electric 

37,5 

18-20 

LFC-8 

1400 

0.5 

Gas-fired 

37.5 

21-27 

LFC-11 

1550 

0.5 

Electric 

35 

28-30 

LFC-11 

1550 

0.5 

Gas-fired 

35 

31-37 

LFC-11 

1400 

0.5 

Electric 

37.5 

38-40 

LFC-11 

1400 

0.5 

Gas-fired 

37.5 

41 

Deltaglaze-149 

1550 

0.5 

Electric 

35 

42 

Deltaglaze-149 

1550 

0.5 

Gas-fired 

35 

43 

Deltaglaze-149 

1400 

0.5 

Electric 

37.5 

44 

Deltaglaze-149 

1400 

0.5 

Gas-fired 

37.5 

* 

★ * 
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Coated  for  6 mils  by  spray 

Furnace  time  =1-1/2  hour;  transfer  time  from  furnace  to 
die  =5  seconds 

Dwell  time  = 1 minute 


I 

V 
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The  preliminary  cogging  and  drawing  processings  for  Ti-lOV- 
2Fe-3Al  forging  stock  were  done  at  1550F  using  press  forging. 
They  were  then  sectioned  to  2-1/4  inches  round  x 11-3/8 
inches  long  multiples.  The  multiples  were  blasted,  ground 
to  remove  minor  wrinkles,  and  chem-milled  to  remove  surface 
layers.  The  fullering,  flattening,  and  blocking  were  made 
on  the  2-1/4  inch  round  x 11-3/8  inch  long  multiples  at 
1550F  using  drop  hammer.  Unlike  other  beta  titanium  alloys, 
the  forgeability  of  Ti-10V-2Fe-3Al  alloy  under  hammering  was 
extremely  good  at  1550F.  No  evidence  of  surface  cracking 
was  shown  and  surface  wrinkling  of  Ti-10V-2Fe-3Al  blockers 
was  less  than  that  on  Ti-6Al-4V  blockers.  The  forging 
blockers  were  blast-cleaned,  ground  to  remove  minor  defects, 
and  chem-milled  to  remove  surface  alpha  case. 


The  forge  practice  and  the  tooling  systems  used  for  the  Ti- 
10V-2Fe-3Al  alloy  are  basically  the  same  as  those  described 
for  Task  I approach.  However,  three  exceptions  should  be 
noted : 


r 


a.  Forge/Die  Temperature  for 
the  Finish  Operation: 

1550F  and  1400F 

The  selection  of  these  two  temperatures  was  based 
on  our  experience  at  V?yman-Gordon  for  the  oj^ti- 
timized  part-die  temperature  range.  This  should 
also  give  the  comparison  of  the  difference  in  die 
fill  between  beta  and  alpha-beta  forging  operations. 

b.  Strain  Rate  and  Dwell  Time 
in  the  Finish  Operation 

Our  experience  demonstrated  that  optimum  strain 
rate  for  hot-die  forging  at  part/die  temperature 
of  1550/1400F  is  0.5'^1  inch/minute  ram  rate  (*■). 

A dwell  time  of  60  seconds  was  used  to  help  die 
fill  for  this  alloy. 

c . Preform  Microstructure:  P-Preform 

Unlike  (a+P)  preform  microstructure  for  Ti-6Al-4\' 
alloy  stock  used  in  Task  I,  the  preliminary  and 
blocking  operations  for  Ti-1 0V-2Fe-3Al  stocks  were 
performed  at  1550F  to  establish  the  same  P- 
preform  microstructure  in  all  preforms. 
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i Figures  20  through  27  illustrate  the  visual  appearance  of 

( ’ 

1 isothermally  forged  Ti-10\'-2Fe-3Al  alloy  structural  comno- 

I nents  at  as-forged  and  blast-cleaned  conditions.  The  results 

I 

demonstrated  that  the  LFC-11  gave  the  best  combination  of 
, lubricity  and  adhesion  characteristics  in  both  electric  and 

, ' gas-fired  furnaces.  I.FC-8  provided  excellent  adhesion 

properties,  but  it  displayed  comparably  poor  lubricity  and 
stability.  The  Acheson's  Deltaglaze-149  had  excellent  anti- 
friction characteristics;  however,  it  gave  unfavorable 
adhesion  strength.  Although  the  gas-fired  environment 
appeared  to  give  an  effect  on  both  metal  flow  and  adhesion 
strength  of  the  coating,  the  degree  of  influence  for  these 
I beta-titanium  alloy  lubricants  was  considerably  smaller,  as 

compared  with  the  lubricants  (i.e.,  GFBN-8  and  GFTC-8)  for 
alpha-beta  titanium  alloys. 

I 

i 

Another  important  observation  for  this  portion  of  the  program 

is  the  direct  demonstration  of  the  excellent  isothermal 

I 

forgeability  of  Ti-10V-2Fe-3Al  alloy  for  producing  an  actual 
^ aircraft  component  forging.  As  previously  reported  by 

Wyman-Gordon  (*),  the  use  of  Ti-10V-2Fe-3Al  alloy  may  have 
major  impact  on  the  cost-effectiveness  for  the  current 
isothermal  forging  technology  of  titanium  alloy;  isothermal 
forging  of  this  alloy  at  1300-1550F  temperature  range  would 
possess  significant  advantages  in  reduced  die  materials  and 
tooling  costs,  simplified  handling,  and  energy  savings  over 
isothermal  forging  of  Ti-6A1-4V  alloy. 


()2 
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Figure  20  Complete  set  of  twenty-two  structural  component  forgings 
produced  by  isothermal  forging  at  1550F 


LFC-11  Deltaglaze-149 
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igure  22  Closeup  view  of  structural  component  forgings  produced 
by  isothermal  forging  at  1550F  using  three  different 
lubricants 
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Deltagl 


isothermal  forging  at  1400F  using 
bricants;  blast-cleaned  condition 


B.  Phase  II  - Lubricant  Development 

The  Phase  ll  effort  aims  at  searching  for  an  improved  lubricant 
for  isothermal  forging  application.  The  basic  development 
concept  concentrates  on  the  lubricant  formulations  capable 
of  providing  effective  lubrication,  while  meeting  environ- 
mental and  safety  requirements.  This  program  attempted  to 
maximize  the  lubrication  effectiveness  for  the  water-based 
lubricants  by  optimizing  the  dispersed  powder  compounds  and 
vitreous  inorganic  binders. 

1.  Continuous  Investigations 
in  the  Improved  Lubricants 

The  selected  most  promising  lubricants  for  isothermal  forging 
of  titanium  alloys  from  AFML  Contract  F33615-74C-5011  and 
Contract  F33615-76C-5059  allow  good  performance  for  laboratory- 
size  forging  examination,  but  the  choice  among  the  lubricants 
to  manufacturing  applications  is  still  dependent  on  the 
relative  virtues  and  limitations.  It  appears  highly  desir- 
able if  a new  lubricant  formulation,  which  would  provide  the 
combined  advantages  of  lubrication  effectiveness  and  environ- 
mental and  safety  objections,  could  be  developed. 

The  most  favorable  and  logical  formulation,  capable  of 
providing  the  combined  requirements  of  effective  lubrication 
and  environmental  and  safety  consequences,  will  be  the 
water-based  one,  because  of  its  satisfaction  to  the  EPA  and 
OSHA  environmental  safety  and  health  requirements.  However, 
the  acceptable  and  successful  performance  of  the  water-based 
lubricants  to  manufacturing  applications  will  require  an 
improvement  in  the  lubrication  effectiveness. 
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2.  Water-Based  Lubricant  Formulations 

Examination  of  the  chemical  ingredients  in  Acheson  Deltaglaze- 
69  indicates  that  there  are  at  least  two  modifications  which 
could  be  made  in  order  to  improve  the  lubrication  effective- 
ness without  sacrificing  the  practical  advantages  imposed  by 
water-base  lubricants;  (1)  addition  of  boron  nitride  (BN) 
powders  to  increase  the  lubrication  efficiency,  and  (2)  use 
of  potassium  glasses  to  increase  the  protective  action  of 
the  titanium  part,  to  reduce  corrosive  activity  of  the 
coating  on  both  the  titanium  stock  and  the  nickel-base 
alloys,  and  also  to  enhance  the  viscosity  of  the  coating. 

BN  powder  is  a unique  lubricant  additive  which  combines  out- 
standing thermal  stability  and  inertness  to  both  nickel-base 
and  titanium-base  alloys.  It  is  nontoxic,  highly  resistant 
to  thermal  shock,  and  insoluble  in  water.  Its  thermal 
stability  and  oxidation  resistance  are  much  better  than 
graphite  in  the  temperature  range  of  1300  to  1800F.  In 
addition,  it  possesses  excellent  density  and  lamellar  struc- 
ture which  should  contribute  to  effective  lubrication  and 
interface  separation.  It  has  been  demonstrated  that  the 
addition  of  BN  into  xylene-base  lubricant  significantly 
helps  on  lubricity,  reduces  in  lubricant  accumulation  in  the 
cavity,  and  improves  release  action  from  the  die  (‘). 


Another  factor  of  major  importance  in  determining  a successful 
lubricant-coating  for  hot-die  forging  systems  is  the  orotective 
action  and  the  corrosive  activity  of  the  coating.  This 
implies  that  the  vitreous  components  in  the  lubricant  should 
contain  the  ingredient  which  could  provide  excellent  surface 
protection  and  less  corrosive  activity  on  both  titanium 
parts  and  nickel-base  die  alloy  during  long-term,  high 
temperature  in  air.  Recent  work  (‘*)  has  shown  that,  among 
various  binary  alkali  silicate  and  alkali  borate  glasses 
used  for  coating  titanium  during  heating  in  air,  the  potassium 
glasses  showed  the  highest  viscosity  of  the  melt,  thus 
providing  the  best  protective  properties  and  the  least 
corrosive  activity  for  titanium.  As  the  alkali  metal  oxide 
content  in  the  coating  decreases,  the  viscosity  of  the 
coating  increases,  and  the  protective  action  increases  and 
the  corrosive  activity  decreases.  It  is  very  likely  that 
the  above  basic  principles  can  be  used  in  improving  the 
effectiveness  of  water-based  lubricants  for  isothermal 
forging  of  titanium  alloys. 

3 . Lubricant  Variables  Proposed 
As  mentioned  previously,  one  of  the  soundest  approaches  to 
maximizing  the  lubrication  effectiveness  for  the  water-based 
lubricants  involves  optimizing  the  compounds  of  dispersed 
powder  and  vitreous  inorganic  binder.  The  BN  will  be  used 
as  dispersed  phase  additives;  the  addition  of  proper  compo- 
sition of  BN  is  expected  to  promote  effective  lubrication 
and  interface  separation. 
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In  addition  to  the  BN  addition,  the  vitreous  components  con- 
sisted of  potassium  glasses;  this  glass  should  provide  high 
viscosity,  excellent  protective  action,  and  low  corrosive 
activity  of  the  lubricant  coating.  The  optimum  quantities 
for  each  component  in  the  vitreous  components  required 
experimental  determinations. 

The  basic  constituents  and  the  weight  percentages  of  the 
components  for  the  experimental  lubricant  formulations  are 
given  below: 


I 
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(a)  Boron  Nitride  (BN) : BN  is  commercially  available  in 
various  particle  sizes.  The  proposed  powder  will  be 
HCP  grade  which  is  finest  powder  and  also  the  least 
expensive.  Previous  experience  indicated  that  the  BN 
requires  careful  storage  and  protection  from  atmos- 
pheric contamination  before  application.  The  weight 
percentages  of  the  BN  used  were  10,  15,  and  30%. 

(b)  Potassium  glasses:  The  K2O  proportions  in  K20-B20^- 

Si02  vitreous  components  were  10,  20,  and  30%  because 
this  range  of  K2O  was  shown  to  possess  a desirable 
viscosity  of  the  vitreous  coating  ('^).  The  addition 
of  02^3  vitreous  components  will  lower  the 

melting  point  and  increase  the  viscosity  of  the  silicate 
coating.  It  also  provides  oxidation  protection  for  BN 
powders . 
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(c)  A small  amount  (1%)  of  acrylic  emulsion  (acrysol  liquid) 
was  added  as  a resin  binder  in  order  to  facilitate  the 


1 


! film  strength.  The  acrysol  liquid  is  emulsifiable  with 

! 

f water.  It  was  compared  to  a zero  level. 

j (d)  A 1%  cobalt  oxide  was  added  to  increase  the  thermal 

stability  and  to  reduce  the  radiation  losses  of  the 
heat  during  transferring  the  preform  from  the  furnace 
to  the  die.  It  was  compared  to  a zero  level. 

Thirty-six  (36)  lots  of  new  water-based  lubricant  formula- 
tions were  prepared  by  varying  the  amount  of  dispersed  BN 
powders  (10,  15,  and  30%)  and  K2O  in  vitreous  components 

I 

I (10,  20,  30%  K2O  in  K20-B202Si02) , and  with  the  addition  of 

^ acrysol  liquid  and/or  cobalt.  The  borosilicate  composition 

, was  65%  B2O2  and  35%  Si02. 

I 

i 

4 . Lubricant  Performance  Testing 

I The  proposed  lubricant  formulations  were  tested  experi- 

mentally to  determine  their  lubrication  efficiency  as  a 
potential  candidate  for  isothermal  forging  applications. 

The  information  regarding  the  friction,  adhesion,  protective 
action,  corrosive  activity  in  both  gas-fired  and  electric 
furnaces  provided  by  these  coatings  were  analyzed. 
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The  application  procedure  for  preparing  the  test  samples  in 
this  program  is  the  same  as  that  previously  reported  for 
water-based  lubricants  (')•  The  samples  were  cleaned  by 
chem-mill  followed  by  sandblast,  preheat  at  150F,  coat  the 
lubricant  with  air  spray  gun  for  about  six  (6)  mils,  allow 
film  to  dry  completely.  In  order  to  develop  lubricants 
acceptable  for  manufacturing  applications,  both  gas-fired 

* 

and  electric  furnaces  were  used  for  these  tests.  \ 

\ 

(a)  Thermal  Stability  Tests  | 

li 

Several  sections  of  the  4-9/16  inch  round  bar  of  Ti-6Al-4V  f) 

alloy  were  cogged  and  drawn  to  about  3 inch  diameter  by  200 
inch  long  at  1750F.  They  were  chem-milled  to  remove  20  mils 
per  side  of  the  surface,  and  cut  into  3 inch  diameter  by 
3/4  inch  multiples. 


One  hundred  (100)  samples  were  prepared  and  machined  to  2- 
3/4  inch  diameter  x 1/2  inch  thick  for  thermal  stability 
tests.  The  100  coating  and  heating  tests  for  about  50  lots 
of  lubricants  were  carried  out  in  both  gas-fired  and  electric 
furnaces.  The  tests  were  made  at  1750F  for  six  (6)  hours. 
Both  thickness  and  weight  changes  of  the  lubricant  films 
were  measured  and  visual  changes  of  the  film  appearance  were 
characterized.  Some  of  the  samples  were  also  cut  for 
metallographic  examinations. 
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Based  on  the  results  of  Phase  I (Task  I)  lubricant  evaluations 
it  was  decided  that,  in  order  to  develop  a more  successful 
lubricant  for  the  Phase  II  effort,  an  additional  effort 
should  be  made  on  several  existing  lubricant  formulations. 

These  lubricants  included  several  Wyman-Gordon  in-house 
developed  formulations  (CP-22,  CP-31,  et  al)  and  A.  O. 

Smith's  CG-54  (’^).  Deltaglaze-69 , OPT-112,  and  GFBN-8  were  j 

also  included  for  the  tests.  Note  that  this  portion  of  the 
effort  is  beyond  the  contract  requirements.  However,  the 
above  coatings  may  have  advantages  in  achieving  better 
stability  in  gas-fired  environment  and  effective  lubricity 
for  isothermal  forgings. 

The  results  of  metallographic  examinations  on  the  sample 
surface  regularity  indicated  that  in  electric  furnace  the 
best  combination  of  thermal  stability  and  protective  action 
of  the  coatings  was  achieved  by  CG-54  and  D-69.  Severe 
corrosive  attack  was  observed  for  GFBN-8.  In  gas-fired 
furnace,  both  potassium  glasses  and  CP-type  coatings  displayed 
good  protection  and  corrosion  resistance.  D-69  and  CG-54 
had  excellent  stability  and  film  appearance  in  both  electric 
and  gas-fired  furnace.  For  the  formulations  consisting  of 
potassium  borosilicate  glasses  and  boron  nitride,  the  film 
strength  and  stability  of  the  coatings  increase  as  the 
amount  of  K2O  increases  (Figures  28  through  30) . A comparison 
of  surface  protection  and  corrosive  action  after  six  hours' 
exposure  at  1750F  for  several  promising  lubricants  is  also 
illustrated  in  Figures  31  and  32  for  gas-fired  and  electric 
furnaces,  respectively. 
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6 hours  at  1750F  in  gas-fired  furnace 
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Figure  30  Film  appearance  of  thermal  stability  tested  samples 
with  various  lubricant  coatings  after  six  (6)  hours 
at  1750F  in  gas-fired  furnace 
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Figure  32  Comparison  of  surface  protection  and  corrosive  action  after  six  hours 
at  1750F  in  electric  furnace 
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(b)  Ring  Compression  '^'ests 

A total  of  100  ring  compression  tests  were  matle  to  evaluate 
the  anti-friction  characteristics  for  the  20  different 
lubricant  combinations;  these  compositions  were  selected 
based  on  the  thermal  stability  test  results.  Several  promising 
coatings  such  as  GFBN-8,  Deltaglaze  OPT-112  for  alpha-beta 
titanium  alloys,  and  LFC-8,  LFC-11  and  Deltagla2e-149  for 
beta  titanium  alloys  were  also  included  for  this  evaluation. 

It  is  noted  that  the  ring  com{)ression  tests  have  often  been 
used  for  the  determination  of  the  friction  coefficient  in 
metal-working  processes  (’, 

The  test  conditions  were  at  1750F  forge/die  temperatures  for 
Ti-6A1-4V  alloy  coatings,  and  at  1550F  and  1400F  for  Ti-lOV- 
2Fe-3Al  alloy  coatings.  The  percent  reductions  were  ranged 
from  20  to  80%.  One  hundred  (1001  samples  of  1 inch  thickness 
were  cut  and  prepared  from  3 inch  round  stock.  They  were 
machined  to  the  dimension  of  OP; IP; thickness  = 2.620  inch  : 
1.310  inch  ; 0.875  inch  for  ring  compression  test  preforms; 
this  gives  a thick  washer  of  proportions  OP: IP; thickness  = 
6:3:2.  A sketch  showing  the  dimensions  of  ring  compression 
specimens  is  given  in  Figure  33.  After  the  tests,  the 
internal  ring  diameter  and  ring  thickness  were  measured,  and 
both  the  percent  decrease  in  internal  ring  diameter  and  the 
percent  reduction  in  thickness  were  calculated. 
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Tho  rt'sults  ot  liiui  compression  tests  (Figures  thronoh  W) 
showed  th.it  t>u>  Pt'l  t.mlaze-b*)  coatinv)  provided  .a  very  liivih 
de.jrt'e  of  lubricity,  in  both  electric  and  uas-fircil  turnaces, 
but  dFBN-8  and  orT-112  have  poor  ability  to  withstand  uas- 
fired  enviionment  ltiy.uie  . Similar  uas-fired  stability 

problems  were  also  observed  for  Wyman-i'.ordon  CF-types  of 
coatinus  (Fiuure  34b).  However,  all  of  the  isotherm.al 
foruinvi  lubricants  for  beta  titanium  alloys  gave  excellent 
.int  i -f  r ict  ion  chviracterist  ics  .and  ability  to  withstand  gas- 
fired  environment  (Figure  34c).  Fxamples  of  ring  compiession 
s.amples  for  several  lubricants  .are  given  and  compared  in 
Figures  35,  3b,  and  37. 

( c ) Rib-and-Web  Forging  Tria  1^ 

based  on  the  results  of  thermal  stability  and  ring  compres- 
sion tests,  four  lubricant  formulations  were  then  selected 
for  further  rib-and-web  forging  tryouts.  Here,  the  rib-fill 
forging  tests  served  to  provide  the  information  regarding 
the  adhesion  and  ant i- f r ict ion  characteristics  provided  by 
the  lubricants  from  laboratory  scale.  Again,  the  0.5  inclt 
thick  plate  stock  (TMCA  Iteat  number  N-^b^S)  was  used  in  this 
rib-and-web  forging  test:  the  plate  stock  was  produced  by 
cogging  and  drawing  at  1750F.  The  microstructure  of  the 
starting  plate  stock  is  characterized  by  finish  forging  high 
in  the  (a+t')  field  (Figure  38). 
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rication  evaluations 


A series  of  rib-and-web  forging  trials  were  carried  out  for 
four  (4)  Wyman-Gordon  lubricant  formulations.  GFBN-8  and 
LFC-11  were  also  used  for  comparison.  Thirty-two  (32) 
machined  Ti-6-4  flat  blanks  (0.5  inch  x 2.65  inches  x 4.64 
inches)  were  blasted,  and  coated  with  various  lubricants. 

They  were  directly  finish  forged  in  one  operation  at  forge/die 
temperatures  of  1750F  and  1600F  to  the  configuration  shown 
in  Figure  3.  The  forging  variables  for  the  Phase  II  rib- 
and-web forging  trials  is  listed  in  Table  9. 


It  was  shown  that  Wyman-Gordon  modified  waterglass  (CP-C9) 
coating  provided  excellent  degree  of  part  fill,  but  WG  CP-Cl 
provided  excellent  adhesion  properties.  As  a result,  WG  CP- 
C9  and  CP-Cl  coatings  were  selected  for  finish  forging 
evaluations.  A comparison  of  the  results  for  these  lubricant 
optimization  trials  is  given  in  Figures  39  and  40. 
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TAULF  9 


FORGING  VARIABLES  FOR  THE 


Serial 

Number 

FHASE 

TI  RTB-AND-WEB  FORGING  TRIALS 

USING  Ti-6A1-4V  ALLOY 

I.iMd 
App  1 i ei 
(t  onsi 

Lubricant 

Stock/die 
Temp . 

* (F) 

Furnace 

Type 

Ram 

Rat  e 
( in  'mi  n) 

1,  2 

CP-C9 

1750 

Electric 

0.2 

2 2 5 

3,  4 

1750 

Gas- fired 

0.2 

2 2 5 

5 

1600 

Flectric 

0.2 

32  5 

6 

1600 

Gas- fired 

0.2 

(25 

7,  8 

CP-Bl 0 

1750 

Electric 

0.2 

2 2 5 

9,  10 

1750 

Gas-f i red 

0.2 

22  5 

11 

1600 

E 1 ec  trie 

0.2 

325 

12 

1600 

Gas-f ired 

0.2 

12  5 

13,  14 

CP-B17 

1750 

Electric 

0.2 

225 

15,  16 

1750 

Gas- fired 

0.2 

22  5 

17 

1600 

Flectric 

0.2 

3 2 5 

18 

1600 

Gas-f ired 

0.2 

125 

19,  20 

CP-Cl 

1750 

Electric 

0.2 

21,  22 

1750 

Gas- fired 

0.2 

22  5 

23 

1600 

Electric 

0.2 

12  5 

24 

1600 

Gas- f ired 

0.2 

12  5 

25,  26 

GFBN-8 

1750 

Flectric 

0.2 

22S 

27,  28 

1750 

Gas- fired 

0.2 

2 2 1 

20,  30 

I.FG-l  1 

1750 

Flectric 

0.2 

22  5 

31,  32 

1750 

Gas- f i red 

0.2 

•VR 

♦coated 

for  6 mils; 

furnace  time  = 1 hour;  transfer  t 

ilMC 

,x...nL'ap 


(d)  Scalod-up  1‘va  luat  i^ns 

A sorios  of  lubricant  scalod-up  foruinu  tryouts  usinq  tho  WG 
25046  die  sot  woro  performed  for  two  selected  lubricants, 
i.o.,  WG  Cr-C9  and  CT-Cl  coatinqs.  Tho  lubricant  effect ivo- 
noss  for  those  lubricant  formulations  woro  further  compared 
with  those  obtained  from  the  lubricants  selected  in  Phase  1, 
i.e.,  TRW' s GFBN-R.  The  processinq  variables  for  the  finisli 
forqinq  evaluations  are  qiven  in  Table  10. 

(1)  The  Ti-6.M-4V  alloy  material  for  this  portion  of  the 
proqram  was  obtained  from  the  same  bar  stock  (TMCA  heat 
N-a5541  as  that  used  in  Task  I of  Phase  T.  The  chemistry 
and  microstructure  of  the  as-received  stock  were  oiv’en 

in  Table  V and  Piqure  4,  respectively. 

(2)  The  forqinq  stock  was  coqqed  and  drawii  from  4-9/16 
inches  round  to  2-1/4  inches  round  at  1750r . They  were 
then  sectioned  into  ll-.l/S  inches  lonq  multiples.  The 
2-1  '4  inches  diameter  x 11-3/8  inches  lonq  forqinq 
multiples  were  blast-cleaned,  qround  to  remov'c  minor 
wrinkles,  and  chem-milled. 

(3)  The  fuller,  preblocker,  and  blocker  operations  for  the 
forqinq  multiples  were  also  carried  out  at  1750F.  The 
blockers  were  blast-cleaned,  qround  to  remove  minor 
defects,  and  chem-milled  to  remove  surface  alpha  case. 
They  are  ready  for  finish  forqinq  evaluations. 

(4)  Scale-up>  evaluations  of  the  select  lubricants  were  then 
performed  to  determine  the  reproducibility  of  tho  new 
formulations,  followinq  the  approach  described  in 
section  Phase  I (Task  I)  for  Ti-6A1-4V  alloy. 


TABLE  10 


PROCESSING  VARIABLES  FOR  FINISH  FORGING  EVALUATIONS 
OF  Ti-6Al-4V  ALLOY  FOR  PHASE  II  EFFORT 


Serial 

Number 


Lubricant* 

(Coatinq) 


GFBN-8 


GFBN-8 


GFBN-8 


GFBN-8 


Furnace  time  ==  1-1/2  hour;  transfer  time  from 
furnace  to  die  = 5 seconds 


***  Dwell  time 


1 minute 


r ^ - ■ T . . . . 

!, 

\ 

> Figures  41  through  45  present  the  fortv-four  (44)  structural 

component  forgings  produced  for  the  Phase  II  effort;  both 
as-forged  and  blast-cleaned  surface  conditions  are  illustrated. 

! The  results  of  this  portion  of  the  evaluation  can  be  briefly 

i outlined  as  follows:  (1)  CP-C9  (WG)  offers  stability 

advantages  over  CP-Cl  and  GFBN-8  in  gas-fired  environment, 

1 

i (2)  CP-Cl  has  excellent  adhesion  properties,  but  poor  in 

anti-friction  and  atmosphere  stability,  (3)  Each  lubricant 
still  has  its  relative  virtues  and  limitations  in  manu- 
I facturing  performance.  An  adequate  balance  of  the  lubricity 

and  adhesion  properties  is  still  a major  problem  for  these 
lubricants.  However,  among  the  three  lubricants  evaluated, 
j the  GFBN-8  displays  the  best  combination  of  lubricity  and 

! , adhesion  characteristics. 

f 1 

i 

It  is  generally  acceptable  that  the  glass  coatings  have 
major  advantages  for  isothermal  forging  in  providing  a high 
degree  of  lubricity  and  in  maintaining  a continuous  film  for 
excellent  protection.  However,  the  results  of  this  investi- 
gation demonstrated  that,  from  a manufacturing  viewpoint, 

; 

there  are  several  limiting ’ features  with  glass  coatings  for 
i a successful  lubricant:  (a)  sticking  of  the  forging  in  the 

! dies,  (b)  poor  ability  to  withstand  gas-fired  environment  at  I 

high  temperatures,  (c)  accumulation  or  build-up  in  die 
cavities,  (d)  some  corrosive  activities  on  titanium  alloys, 

(e)  relatively  rough  surface  finish,  and  (f)  glass  stringers.  j 
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igure  A2b  Closeup  view  of  structural  con'.ponent  forgings  produced 

by  isothermal  forging  at  1600F  for  Phase  II  effort. 
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Figure  4 3a  Complete  set  of  twenty- tv;o  structural  component  forgin 
produced  by  isothermal  forging  at  1750F  for  Phase  II  e 
blast-cleaned  condition. 
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There  are  two  possible  approaches  for  improved  isothermal 
forqing  lubrication  of  alpha-beta  titanium  alloys:  (1)  To 
further  continue  investigations  in  water-based  boundary 
lubricants  containing  dispersed  solid  film  powders  as  an 
interface  separation  agent  and  inorganic  binder  as  a wetting 
agent  for  the  workpiece.  The  wetting  component  may  be 
either  ceramic  compound  or  improved  glass-type  compositions. 
Here,  the  new  lubricant  formulations  should  be  able  to 
provide  the  combined  advantages  of  improved  stability  in 
gas-fired  environments,  excellent  anti-friction  character- 
istics, low  die/  work-piece  adhesion,  low  accumulation  rate, 
and  less  corrosive  action.  (2)  To  apply  die  lubricant  as 
an  efficient  parting-compound  between  dies  and  workpiece. 

The  die  lubricants  have  to  adhere  effectively  and  can  be 
applied  repeatedly  to  the  dies  at  high  temperatures.  '^’hey 
should  also  behave  non-reactive  to  workpiece  coating. 

Little  work  has  been  previously  made  on  the  die  lubricant 
concept  for  isothermal  forging  applications. 
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Three  forqinqs  were  sectioned  for  both  macro  and  micro- 
structural  examinations;  a sketch  showinq  the  locations  of 
macro  slices  and  microstructure  examinations  is  qiven  in 
Fiqure  46.  The  sectioned  forqinqs  were  selected  from  one  of 
the  best  forqinqs  from  Ti-6Al-4V  alloy  parts  and  from  each 
of  alpha-beta  forced  and  beta-forqed  Ti-10V-2Fe-3Al  alloy. 

Fiqures  47a  and  47b  illustrate  the  macro  and  microstructures 

of  the  as-forqed  Ti-6A1-4V  alloy.  It  is  seen  that  the 

forqinq  had  a hiqhly  distorted  macroetch  pattern  with  a 

structure  characterized  by  the  alpha-beta  finish.  The 

microstructure  of  the  forqinq  contains  approximately  25 '^35% 
al  pha 

qlobular^in  a matrix  of  transformed  alpha  plus  beta,  character- 
istic of  forqinq  at  temperature  moderately  hiqh  in  the 
alpha-beta  field  with  an  air  cool. 

The  structures  for  alpha-beta  and  beta  forced  Ti-10V-2Fe-3Al 
alloy  are  qiven  in  Figures  48  and  49,  respectively.  Here 
the  macrostructure  of  the  alpha-beta  forqinqs  is  character- 
ized by  a hiqhly  directional  flow  pattern  in  the  zones 
leadinq  from  thin  web  to  thin  ribs  (Fiqures  48a  and  48b) . 
However,  the  beta-forqed  condition  shows  a recrystallization 
of  hot-worked  structure  with  a much  lesser  decree  of  qrain 


flow  in  the  zones  leadinq  from  web  to  ribs  (Fiqures  49a  and  j 

'l‘ 

49b)  . The  microstructure  of  both  alpha-beta  and  beta  j; 

ii 
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Figure  47a  Transverse  section  - macro  and  microstructures  for  an  isothermal ly 
forged  Ti-f,/-.l-47  alloy  F-15  Bulkhead-CenterLody  '‘or^-'inc; 
as  alpha-beta  forged  condition  n7aOF/air  cool). 
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itudinal  section  - nacro  and  microstructures  for  an  isothe 
ed  Ti-10V-2Fe-3Al  alloy  F-15  BulF.head-Centerbody  forqinc; 
eta-forged  condition  fl550F/air  cool). 


forged  Ti-10V-2Fe-3Al  alloy  consists  of  fine  alpha  in  a 
matrix  of  large  beta  grains;  characteristic  of  beta  titanium 
alloy  forgings.  However,  the  microstructure  of  beta  forged 
condition  is  characterized  by  a finer  and  lesser  transformed 
alpha  needles  in  a matrix  of  less  distorted  and  larger  beta 
grains,  as  compared  with  alpha-beta  forged  condition. 
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